Objective: To analyze the clinical manifestations, laboratory indexes, disease activity, and pathological types of lupus nephritis (LN) in adult patients. Methods: We retrospectively analyzed the clinical manifestations, laboratory indexes, and pathological classifications of 156 adult patients first diagnosed with LN between July 2013 and November 2017. Patients were categorized according to the following criteria: active or inactive LN, LN with or without renal damage, and mild or severe LN. Results: Immunoglobulin G and A levels, 24-hour proteinuria, and anti-dsDNA, anti-Sm, and anti-ribosomal P protein antibody positivity rates were all significantly increased in patients with active LN compared with inactive LN. Anti-dsDNA antibody positivity and 24-hour proteinuria were significantly increased, whereas hemoglobin, serum albumin, and C3 and C4 levels were significantly decreased in patients with LN and renal damage compared with those without renal damage. Anti-dsDNA and anti-Sm antibody positivity rates and 24-hour proteinuria were significantly increased, while hemoglobin, serum albumin, C3 and C4 levels, and estimated glomerular filtration rate were significantly decreased in patients with severe LN compared with patients with mild LN. Conclusions: LN can display various clinical manifestations, laboratory indexes, levels of disease activity, and pathological types in adult patients.
Introduction
Systemic lupus erythematosus (SLE) is a diffuse autoimmune-mediated connective tissue disease mainly manifested by immune inflammation, involving multiple systems and organs. 1 Previous studies showed that approximately 50% of patients with SLE experience renal damage, and histopathological studies confirmed that 100% of patients with SLE had varying degrees of renal pathological changes. 2 Lupus nephritis (LN) is the most severe form of organ damage in patients with SLE and one of the most common secondary glomerular diseases, accounting for approximately 70% of secondary glomerular diseases based on histopathological examination. 3 Importantly, LN frequently remains unrecognized until it has developed into full-blown nephritic and/or nephrotic syndrome with renal failure. 4 Changes in several indicators, including the presence or increase of protein in the urine, positive autoantibodies, and decreased hemoglobin and complement levels, may reflect SLE disease activity and renal damage. However, the sensitivity and specificity of these indicators and their relationships with clinical manifestations remain controversial. The associations between these indicators and disease activity, renal damage, and pathological lesions, and their clinical relevance thus remain unclear.
In this retrospective study, we analyzed the clinical and laboratory data for 156 patients with LN and analyzed the relationships among disease characteristics, including disease activity, degree of renal damage, and severity of pathological type.
Patients and methods

Subjects
Adult patients initially diagnosed with LN at the Affiliated Hospital of Youjiang Medical University for Nationalities between July 2013 and November 2017 were included in this study. All patients fulfilled the Systemic Lupus International Collaborating Clinics 2012 classification criteria for SLE. 5 Patients were excluded if they had rheumatoid arthritis, skin inflammation, systemic sclerosis, nodular polyarteritis, epilepsy, organic brain disease, psychosis, idiopathic thrombocytopenic purpura, or a primary glomerular disease. The study protocol was approved by the ethics committee of Affiliated Hospital of Youjiang Medical University for Nationalities. Written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Diagnostic criteria
Disease activity was evaluated according to the SLE disease activity index 2000 (SLEDAI-2K). 6 Patients fulfilling any of the following criteria were diagnosed with LN: 24-hour urine protein level >0.5 g or þþþ; tubules (erythrocyte tubules, granulotubules, or mixed tubules) and/or renal dysfunction (according to the pathological classification standard established by International Society of Nephrology/Renal Pathology Society in 2003 and the National Institutes of Health pathological index of lupus nephritis); and abnormal renal biopsy.
The pathological classification standard established by the International Society of Nephrology/Renal Pathology Society in 2003 was used for pathological classification of LN.
The following features were considered as clinical manifestations of LN: simple hematuria (gross or microscopic hematuria without proteinuria); simple proteinuria (proteinuria without hematuria); hematuria and proteinuria (main manifestations of hematuria and proteinuria); nephrotic syndrome (heavy proteinuria !3.5 g/24 hour, hypoproteinemia 30 g/L, hyperlipemia, and edema); and renal dysfunction (significantly increased blood urea nitrogen and creatinine, accompanied by anemia, hypertension, and edema).
Groups
All patients with LN were divided into the following subgroups: active LN (SLEDAI-2K score >10) and inactive LN (score 10); LN with renal damage (estimated glomerular filtration rate [eGFR] < 60 mL/minute) and without renal damage (eGFR !60 mL/ minute), according to patients' renal function; and mild LN (pathological class I-II) and severe LN (pathological class III-V).
Data acquisition
Peripheral blood samples were obtained from patients with LN and fasting venous blood was obtained from all patients in the morning. The following laboratory data were recorded: hemoglobin level, white blood cell count, blood platelet count, routine urine analysis, serum albumin level, 24-hour proteinuria, immunoglobulin level, serum C3 and C4, autoantibodies (anti-dsDNA, anti-Sm, anti-U1RNP, antiribosomal P protein (anti-Rib), anti-SSA, anti-SSB, and anti-Scl-70), pathological classification results, and clinical data.
Statistical analysis
All statistical analyses were carried out using SPSS for Windows, Version 21.0 (IBM Corp., Armonk, NY, USA). Quantitative variables were expressed as mean AE standard deviation. Non-parametric distribution data were expressed as median and interquartile range. Quantitative variables were compared using t-tests and nonparametric variables using v 2 tests. All tests were two-tailed, and a P value < 0.05 was considered statistically significant. Patients with missing data were excluded. 
Results
Clinical features of patients with LN
Comparison of clinical manifestations and laboratory parameters between patients with active and inactive LN
A total of 132 patients (84.62%) had active LN and 24 (15.38%) had inactive LN. the main clinical manifestations of active LN were hematological abnormalities (80.30%), arthritis (62.12%), serositis (37.88%), malar rash (32.58%), photosensitization (11.36%), and oral ulcers (6.82%) ( Table 1 ). The incidences of arthritis, photosensitization, and hematological abnormalities and the rates of anti-dsDNA antibody, anti-Sm antibody, and anti-Rib antibody positivity were significantly higher in patients with active LN compared with those with inactive LN (all P < 0.05). However, oral ulcers were significantly less frequent in patients with active (6.82%) compared with inactive LN (33.33%).
Immunoglobulin G (IgG) and IgA levels and 24-hour proteinuria were significantly increased, while hemoglobin, serum albumin, C3 and C4 levels, and eGFR were significantly decreased in patients with active LN compared with those with inactive LN (P < 0.05) ( Table 2 ). Table 3 ). The incidences of arthritis, hematological abnormalities, and serositis, and anti-dsDNA antibody positivity were increased in patients LN with renal damage compared with those without renal damage (P < 0.05).
The level of 24-hour proteinuria was significantly increased, whereas hemoglobin, serum albumin, and C3 and C4 levels were significantly decreased in patients with LN with renal damage compared with those without renal damage (P < 0.05) ( Table 4 ). Table 5 ). The main extrarenal manifestations in patients with severe LN were hematological abnormalities (76.92%), arthritis (62.39%), serositis (39.32%), malar rash (33.33%), photosensitization (11.97%), and oral ulcers (10.26%). The incidences of hematuria combined with proteinuria, nephrotic syndrome, renal failure, arthritis, photosensitization, and anti-dsDNA antibody and anti-Sm antibody positivity were increased in patients with severe LN compared with those with mild LN (P < 0.05). 
Comparison of clinical manifestations and laboratory parameters between patients with mild and severe LN
Discussion
SLE is characterized by the production of multiple autoantibodies that form an immune complex, which is the main pathogenic factor of the disease. LN is a renal disease associated with high mortality, 7 characterized by severe organ damage in patients SLE. It is difficult to determine the activity status of LN and the associated renal damage because of the diversity and complexity of the clinical manifestations of SLE. However, evaluating disease activity, the degree of renal damage, and the relationships between renal pathology and laboratory indicators is essential to improve treatment protocols and prognosis. Previous studies showed that women accounted for the majority of SLE cases, with a female:male ratio of approximately 7:1 to 9:1. 8, 9 The ratio in the current study was 6.8:1, which was similar to that reported by Boodhoo et al. 10 (6.5:1) . Hematological abnormalities are the most common clinical manifestations of LN. Hemocytosis typically occurs in SLE with clinical manifestations including anemia, leukopenia, and thrombocytopenia, which can easily be misdiagnosed as blood system diseases. However, the hematological abnormalities in SLE are generally believed to be related to immunological abnormalities. 11 The current study demonstrated correlations between hematological abnormalities and disease activity and renal damage, consistent with previous results. 12 Anemia is the most common hematological abnormality in patients with SLE. This may be related to the presence of autoantibodies, which were previously found in bone marrow hematopoietic cells and erythrocytes in patients with SLE, resulting in pancytopenia or anemia. 13 Alternatively, the anemia may be caused by a combination of erythropoietin deficiency and antierythropoietin antibodies. 14, 15 The incidences of arthritis and photosensitization in the present study were 57.69% and 15.38%, respectively, which were lower than previously reported. 16 This apparent discrepancy could be because the subjects underwent renal biopsy and therefore had limited movement.
A previous study reported that nephrotic syndrome was the main clinical phenotype in patients with severe LN, 17 as a result of severe Sertoli cell damage. 18 Nephrotic syndrome in LN is usually non-simple and combined with hematuria and even renal failure. 19 The current study found no significant differences in IgG, IgA, and IgM levels between patients with LN with and without renal damage, and between patients with mild and severe LN. However, the mean immunoglobulin levels were lower in Although there are several criteria for assessing the activity of SLE, no gold standard has yet been established. Immune complexes are widely accepted to play an important role in the progression of kidney disease in LN. 20 Furthermore, some previous studies suggested that serum IgG, C3, and C4 levels were associated with disease activity in SLE, 21 while others reported that decreased serum C4 level was not closely related to disease activity in SLE. 22 A correlation between hypocomplementemia and active LN has been reported, with normal complement levels associated with stable renal function, while long-term hypocomplementemia could lead to deteriorating renal function. 23 In the present study, C3 and C4 levels were significantly decreased in patients with LN with renal damage compared with those without renal damage, and in patients with severe LN compared with patients with mild LN. These findings were similar to those of our previous study. 24 This suggests that patients with LN and renal damage were more prone to hypocomplementemia, indicating that lower serum complement levels were associated with more severe pathological lesions.
Anti-dsDNA antibodies are exclusive to patients with SLE and thus represent an SLE-specific antibody. Numerous studies have demonstrated correlations between anti-dsDNA antibody levels and clinical manifestations, illness severity, and disease activity, suggesting a potential role in assessing patient condition and prognosis. 25 Renal damage usually occurs in the active stage of the disease, and anti-dsDNA antibodies were found to play an important pathogenic role and to be a risk factor for LN. 26 Consistent with this finding, 55.56% of patients with LN with anti-dsDNA antibodies in the present study had renal damage.
Several studies have found no correlation between anti-dsDNA antibody levels and the presence and severity of renal damage. 27 Recent studies found that 30% of patients with LN were negative for anti-dsDNA antibodies, while 25% of patients with SLE were positive for anti-dsDNA antibodies but did not have LN. 28 In the current study, 36.84% of patients were positive for anti-dsDNA antibodies but did not have renal damage. Further studies are therefore needed to explore the role of pathogenic antibodies in the injury mechanism of LN. Nucleosomes and their antibody molecules have also become increasingly significant in the pathogenesis of LN. 29 Napirei et al. 30 found that the activity of anti-dsDNA antibodies disappeared after removal of the nucleosomes and their antibody molecules, suggesting that these may mediate the binding of antigens, possibly initiating the pathological process of LN. The severity of LN should thus be assessed based on the level of organ damage rather than on antibody levels. Further studies are needed to clarify the relationship between anti-dsDNA antibodies and renal damage.
The rate of anti-Sm antibody positivity in patients with SLE is 10% to 30%. 31 Although the detection rate is low (30%-40%), 32 the specificity is as high as 92.2% to 99%, and anti-Sm antibody positivity is thus included in the diagnostic criteria for SLE. The anti-Sm positivity rate in the current study was 64.74%. Although the relationship between anti-Sm antibodies and disease activity remains controversial, the current study demonstrated that anti-Sm antibodies were a major indicator of disease activity. Furthermore, previous studies showed that the incidence of renal damage was higher in patients with SLE who were In conclusion, the results of this study suggest that increased 24-hour proteinuria and IgG level, decreased C3, hemoglobin level, and eGFR, and the presence of anti-Sm and anti-dsDNA antibodies are involved in the pathogenesis of LN in adult patients. For patients who cannot undergo renal biopsy for various reasons, observation of their clinical manifestations and analysis of laboratory indicators can help to evaluate the activity of LN, the degree of renal function damage, and the severity of pathological damage, to allow the development of a reasonable diagnosis and treatment plan.
